Long-term potentiation and sprouting of mossy fibers produced by brief episodes of hyperactivity.
A brief application of high K+ or excitatory amino acids (i.e. kainic acid) generated repetitive synchronized burst that persisted for the duration of the application, in the CA3 field. Once excitability has been enhanced, further stimulation of various inputs evoked burst instead the typical excitatory postsynaptic potential--inhibitory postsynaptic potential sequence evoked in control conditions. These long-lasting changes in synaptic efficacy involved the activation of glutamate receptors of N-methyl-D-aspartate (NMDA) subtype. A brief period of hyperactivity (i.e. kindling of limbic pathways or administration of kainic acid) also resulted in a more delayed synaptic remodeling, notably of hippocampal mossy fibers (i.e. the axons of granule cells that mostly contact the apical dendrites of CA3 pyramidal neurons). Thus mossy fibers sprouted and made multiple ectopic asymmetrical synapses with spines of both granule cells dendrites and basilar dendrites of CA3 pyramidal cells. Finally, sprouting of mossy fibers was associated with a significant rise in the density of kainic acid binding sites (fmol/mg tissue) in the aberrantly innervated zones: the inner third of molecular layer and the stratum oriens of CA3. Saturation studies revealed that this rise did not significantly affect the affinity (Kd values) but the Bmax. In conclusion, brief seizure episodes produced in the hippocampus remarkably long-lasting changes in synaptic efficacy; synaptic density and the mean density of excitatory amino acid receptors of non-NMDA subtype. The role that such plastic changes may play in the permanence of the epilepsy is finally discussed.